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TITLE OF THE INVENTION 

Memory Cell With Transistors Having Relatively High Threshold Voltages 
In Response To Selective Gate Doping 



CROSS-REFERENCES TO RELATED APPLICATIONS 
Not Applicable. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

Not Applicable. 

BACKGROUND OF THE INVENTION 

The present embodiments relate to transistor circuits and are preferably directed to 
a memory with storage cells having transistors with relatively high threshold voltages. 

The technology of many modem circuit applications continues to advance at a 
rapid pace. One incredibly prolific type of circuit, and one which is highly developed, is 
digital memory. For such memories, consideration is given to all aspects of design, 
including maximizing efficiency and increasing performance. These considerations may 
be evaluated based on the integrated circuit device in which the memory is formed, where 
such devices may be implemented either as stand-alone products or as part of a larger 
circuit such as a microprocessor. One often critical factor with respect to digital memories 
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is the cost of the device and this cost is often affected by the overall size of the memory 
architecture. 

In response to the above considerations, recent interest has grown in the use of a 
so-called 4T memory cell, where this name suggests that each cell includes a total of four 
5 transistors. As detailed later in this doctiment, two of the transistors in the 4T cell provide 
access to the state of the ceU, that is, to either read data from or write data to, the cell. 
These transistors are referred to in this document as access transistors, although they may 
be referred to using various other terms in the art. The remaining two transistors in the 
cell are cross-coupled and maintain the state of the ceU once it is written. These two 
O 10 transistors are referred to in this document as state transistors, although they too may be 
m referred to using various other terms in the art In any event, one of the reasons that the 

J^' 4T ceU has received favor is because it is smaller than other memory ceUs, such as a 

H standard 6T (i.e., six transistor) memory cell. Additionally, the 4T cell reduces the standby 

current consumption in large area memory arrays as compared to more complex cell 
N^; 15 architectures. 

While the 4T cell provides various benefits, a key consideration in its operation is 
that its two access transistors, which t3rpicany are p-channel metal oxide semiconductor 
(PMOS) transistors, must be designed to have a greater leakage current than its two state 
transistors, which typically are n-channel MOS transistors (i.e., NMOS). In the prior art, 

20 the reduced leakage in the state transistors is achieved by increasing the threshold voltage 
of those state transistors, thereby decreasing their leakage. However, the memory cells, 
and hence the state transistors, are typically part of a larger memory circuit that includes 
other NMOS circuits, such as in input/ output devices or amplifiers also formed in 
cormection with the memory circuit. Thus, while the threshold voltage of the n-channel 

25 state transistors may be increased to achieve desirable operation within a cell, the 
threshold voltage of other NMOS devices on the memory circuit typically must be left to a 
lower level so as to preserve the desired circuit operation (e.g., speed, current 
consumption) of those other NMOS devices. In other words, this prior art approach 
requires a dual or selective Vt process with respect to the NMOS devices, whereby one 
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threshold voltage is established for the NMOS state transistors while another threshold 
voltage is established for some or all of the other NMOS transistors on the same circuit 
chip. 

To achieve the above-described dual threshold voltage structure, the prior art 
includes a technique where multiple masks and multiple doping steps are used to create 
different dopant concentrations in the channel region for the various NMOS transistors of 
the memory circuit. More particularly, a first mask step followed by a first doping step are 
used to establish a first dopant concentration in. the channel region of a first set of NMOS 
transistors and thereby to cause those transistors to have a first threshold voltage, and a 
second mask step followed by a second doping step are used to establish a second dopant 
concentration in the channel region of a second set of NMOS transistors and thereby to 
cause those transistors to have a second threshold voltage which is different than the first 
threshold voltage . However, this approach requires two sets of masks and two implant 
steps with respect to the channel of the NMOS devices. Thus, it increases the processing 
complexity and thereby adds costs to the device. As such, these drawbacks negate some 
of the benefits of using 4T cells in the first place. 

In view of the above, there arises a need to address the drawbacks of the prior art 
as is achieved by the preferred embodiments described below. 
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BRIEF SUMMARY OF THE INVENTION 

In the preferred embodiment, there is a method of forming a semiconductor 
circxxit The method forms a first transistor using various steps, such as by forming a first 
source/ drain region as a first doped region in a fixed relationship to a semiconductor 
substrate and forming a second source/ drain region as a second doped region in a fixed 
relationship to the semiconductor substrate. The second doped region and the first doped 
region are of a same conductivity type. Additionally, the first transistor is formed by 
forming a first gate in a fixed relationship to the first source/ drain region and tiie second 
drain region;. The method also forms a second transistor using various steps, such as by 
forming a third source/ drain region as a third doped region in a fixed relationship to the 
semiconductor substrate and forming a fourth source/ drain region as a fourth doped 
region in a fixed relationship to the semiconductor substrate. The fourth doped region 
and the third doped region are of the same conductivity type as the first and second 
doped regions. Additionally, the second transistor is formed by forming a second gate in 
a fixed relationship to the third source/ drain region and the fourth drain region. Also in 
the preferred embodiment method, the steps of forming the first gate and the second gate 
comprising forming the first gate to comprise a first dopant concentration and forming the 
second gate to comprise a second dopant concentration different from the first dopant 
concentration. Other methods, circuits, and systems are also disclosed and claimed. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

Figure la illustrates an integrated circuit includiag a memory configuration 
formed in an array fashion and having a plurality of memory storage cells, where the 
general configuration is implemented in the prior art but is also improved upon by 
5 implementing it in connection with the preferred embodiments. 

Figure lb illustrates a schematic of a 4T memory cell circuit which may be used for 
each of the storage cells in Figure la, where the general schematic is implemented in the 
prior art but is also improved upon by implementing it in connection with the preferred 
^ embodiments. 

fU 10 Figure 2a illustrates a cross-sectional view of a portion of the preferred 

embodiment for a memory configuration. 



Figure 2b illustrates the cross-sectional view of configuration 20 from Figure 2a 
after additional processing steps. 

Figure 2c illustrates the cross-sectional view of configuration 20 from Figure 2b 
1 5 after additional processing steps. 
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DETAILED DESCRIPTION OF THE INVENTION 

Figure la illustrates an integrated drcuit 10 including a memory configuration 20, 
where in general integrated circuit 10 is typical of that in the art and, thus, includes 
components formed using a semiconductor substrate and various layers formed above 

5 that substrate; however, the same integrated circuit 10 as shown in Figure la also may 
implement the preferred teachings of this docximent and, in such an approach, varioxis 
benefits are provided over the prior art. Looking in detail to Figure la, it illustrates a 
memory configuration 20 generally ia a combined block and schematic form. Memory 
configuration 20 is generally connected in an array form, thereby presenting a number of 

10 wordlines WLo through WLn each aligned in the x-dimension and a number of columns 
Co through Cm each aligned in the y-dimension. At the intersection of each wordline and 
column is a storage ceU abbreviated SC, and some of which are shown by way of example 
as having a coordinate (WL,C) such that the first element specifies the wordline 
corresponding to the storage ceU and the second element specifies the column 

15 corresponding to the storage cell. For example, in the upper left corner of the array is a 
cell SC(0,0) corresponding to column Co and wordline WLo, while in the lower right comer 
of the array is a cell SC(N,M) corresponding to column Cm and wordline WLn. The array 
nature of memory configuration 20 permits either writing data to, or reading data from, a 
storage cell on a wordline basis. In other words, one or more storage cells along the same 

20 wordline may be accessed (i.e., for either read or write) at a time. 

Memory configuration 20 is representative of a static random access memory 
(SRAM) and, consequently, for each column a pair of conductors extends between storage 
cells along the column, where these conductors are referred to in the art as bitHnes. The 
bitlines permit either reading or writing of a cell connected to a given pair of bitiines, as 
25 introduced generally here and as detailed further in connection with Figure lb, below. 
Turning first to an introduction of these operations, for purposes of writing data to the 
cell, one of the two bitlines is pulled down with some extemal write circuit (not shown), 
and then the wordhne of the cell is asserted to write the data state to the cell in response to 
the pulled down bitiine. For purposes of reading data from the cell, the two bitiines for a 
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given cell provide two respective signals which are compared to one another to determine 
the data stored at a cell along a selected one of the wordlines. More specifically, the 
signals provided by each bitline pair in Figure la are connected to corresponding sense 
amplifier circuits, shown as SAo through SAm. For purposes of discussion, the subscript of 
each of the sense amplifier circuits matches that of the column to which it corresponds. 
Each of sense amplifier circuits SAo through SAm includes circuitry for "'sensing" the 
differential voltage along the paired bitlines by amplifying it Typically, the differential 
voltage is either amplified to a full scale signal, or there may be stages which amplify the 
current drive to some level having a lesser signal swing then a full scale signal. This signal 
may then be used either by other circuitry, either internally on integrated circuit 10 or 
extemal from that device. Note also that Figure la illustrates each sense amplifier circuit 
as connected only to a single pair of corresponding column conductors by way of 
example, whereas other variations may exist in the correlation between coltmm 
conductors and sense amplifier circuits. In other words, as an alternative to that shown in 
Figure la, an embodiment may be created where more than two bitlines are connected by 
some multiplexing fimctionality to a single sense amplifier circuit; thus, one pair of these 
bitlines may then be selected at a time to provide a differential signal to the sense 
amplifier circuit. 

Figure lb illustrates a schematic of prior art storage cell SC(0,0) in greater detail, 
with it tmderstood that each of the remaining storage cells of Figure la is constructed in 
the same manner (yet, of course, connected to a different one of either a wordline or pair 
of bitlines, or both). At the outset, note for further discussion that the bitUnes from 
column 0 of Figure la are designated in Figure lb with the abbreviation ''BLo", and are 
further distinguished from one another by adding one of the letters "a" and "h" to the 
subscripts for these conductors. Storage cell SC(0,0) is what is referred to in the art as a 4T 
cell, meaning it includes four transistors. For purposes of presenting a basis for a 
functional description below, each of these transistors is further referred to by combining 
the word "transistor'' with a descriptive term relating to the function of the transistor. In 
this regard, storage cell SC(0,0) includes two access transistors ATI and AT2, and two 
state transistors STl and ST2. The functional terms "access" and "state" are chosen to 
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facilitate an understanding by one skilled in the art but not by way of limitation, as other 
terms are also sometimes used in the art for such transistors. For example, the access 
transistor are sometimes referred to as passgate transistors. In any event, from the 
additional details including the connection and function of each of these transistors as 
provided below, one skilled in tiie art wiQ appreciate those transistors which are the 
subject of the present inventive embodiments, regardless of the particular terminology 
directed to such transistors. 

Turning first to the two access transistors ATI and AT2, both are p-channel 
transistors and are connected in a symmetric manner. Accordingly, the following 
discussion first addresses access transistor ATI followed by a brief discussion of the 
simQar nature of access transistor AT2. The gate of access transistor ATI is connected to 
wordline WLo, As a transistor, access transistor ATI has two t5^ically symmetric regions 
which are commonly characterized as source and drain regions. Specifically, often for a 
transistor, one of these regions is referred to as the source whUe the other is the drain, 
based on the relative potentials connected to those regions. However, in an 
implementation such as storage cell SC(0,0), the potential at either region may swing 
relative to the other and, thus, a given region may in one instance be considered the source 
while in another instance may be considered the drain. For this reason, from this point 
forward and also for the remaining comparable transistors discussed in this document 
each region is referred to as a source/ drain. Given that convention, access transistor ATI 
has two source/drains S/Di and S/D2. Source/drain S/Di is connected to bifline BLoa and 
source/drain S/D2 is connected to a node Nl. Looking now to access transistor AT2, its 
gate is also connected to wordline WLo. A first source/ drain S/Di of access transistor AT2 
is connected to bifline BLob while a second soxrrce/ drain S/D2 of access transistor AT2 is 
connected to a node N2. 

Looking now to state transistors STl and ST2, both are n-channel transistors and 
connected in a symmetric manner. Turning first to state transistor STl, its source is 
connected to a relatively low voltage, which is shown as Vss as is customary in the 
transistor art and which typically is grotmd. The drain of state transistor STl is connected 
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to node Nl. Lastly, the gate of state transistor STl is connected to node N2. Looking now 
to state transistor ST2, its source is connected to Vss and its drain is connected to node N2. 
The gate of state transistor SPT2 is connected to node Nl. 

In operation, a binary value may be either written to, or read from, storage cell 
5 SC(0,0). When power is first applied to storage cell SC(0,0), it will asstmie one of two 
binary states, with the state being understood as random at this initial point of operation. 
The cases of either a subsequent write of data to storage cell SC(0,0), or a read from storage 
cell SC(0,0), are discussed separately below. 

A write to storage cell SC(0,0) is as follows. First, one of bitianes BLoa and BLob is 

10 pulled low by some write circuit (not shown) while the other remains high. For an 
example, assume that bitline BLoa is pulled low and, thus, bitline BLob remains high. Next, 
wordline WLo is asserted low which enables access transistors ATI and AT2 by placing 
the low signal at the gates of those transistor. In this regard, note that the term ''enable'' is 
intended as known in the art to indicate that a sufficient source-to-gate potential is 

15 provided such that the transistor channel fully conducts. Additionally, although other 
storage cells are not shown in Figure lb, note that other cells which likewise have access 
transistor gates connected to wordline WLo are concurrently enabled for writing due to the 
enabling signal on wordline WLo. Returning to storage ceU SC(0,0), the enabling of access 
transistor AT2 connects the high potential on bitline BLob to node N2 and, hence, to the 

20 gate of state transistor STl, thereby enabling state transistor STl and puUing node Nl to 
ground. Moreover, at the same time, access transistor ATI is enabled, and since bit line 
BLoa is low, then node Nl continues to be pulled down by enabled state transistor STl. At 
the same time, the low potential at node Nl is applied to the gate of state transistor ST2, 
thereby maintaining it in a non-enabled (i.e., "disabled") state. As a result, the high 

25 potential at node N2 is not pulled downward and remains at node N2. Lastly, given the 
preceding operation and for reasons detailed later, the states at nodes Nl and N2 are 
maintained even after wordline WLo is no longer enabling to access transistors ATI and 
AT2. Consequently, storage ceU SC(0,0) will maintain the stored data state imtil it is 
thereafter changed by a subsequent write operation. 
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A read from storage cell SC(0,0) is as follows. At the outset, for the sake of the 
following example, assume that the foUowing read occurs after the above-described write 
and, thus, node Nl is maintained low while node N2 is maintained high. Turning to the 
read operation, first both bitlines BLoa and BLob are precharged high. Second, wordKne 
WLo is enabled, once again enabling access transistors ATI and AT2. Next, the low signal 
at node Nl is effectively transferred to BLoa; more particularly, the combination of the 
enabled access transistor ATI and the enabled state transistor STl pulls the precharged 
voltage of bitline BLoa low. At the same trcne, however, the precharged voltage at bithne 
BLob is not disturbed. Consequently, sense amplifier SAo (see Figure la) next amplifies the 
differential voltage between biliines BLoa and BLob, thereby providing a voltage which 
based on the relative values between those bifUnes represents a binary state for storage cell 
SC(0,0). 

Having now described both the write and read operations with respect to storage 
cell SC(0,0), note that the ability for cell SC(0,0) to miaintain a stored voltage once its access 
transistors are disabled is based on a requirement of the leakage current of the active 
transistors relative to the state transistors. More specifically, note that proper operation is 
obtained by the relative order of leakage current capability for the transistors in storage 
ceU SC(0,0) as shown in the following Equation 1: 

leakage current(AT) > leakage current(ST) Equation 1 

Equation 1 demonstrates that the leakage cxirrent capability of the access 
transistors is larger than the leakage current capability of the state transistors. This 
requirement may be appreciated further by way of an example. Suppose that a binary 0 is 
stored at node Nl and, hence, a binary 1 is stored at node N2; due to these values, state 
transistor STl is enabled while state transistor ST2 is disabled. Further, during a non- 
access period, both access transistors ATI and AT2 are disabled. Since state transistor ST2 
is disabled, it wiQ leak a certain amoimt of current, thereby tending to puU the binary 1 at 
node N2 downward; however, to maintain the state of cell SC(0,0), node N2 cannot be 
being puUed down too much or else the state of the cell may become unstable, or even flip 
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states. Accordingly, because access transistor AT2 is designed to leak more than state 
transistor ST2, then any leakage of state transistor ST2 causing node N2 to pull down is 
compensated by permitting access transistor AT2 to leak to a greater extent (from 
precharged bit line BLob)/ thereby maintaining node N2 at the appropriate binary 1 level. 
In an opposite state, these same concepts apply to access transistor ATI and state 
transistor STl. 

Given the requirement of relative current leakage as between the access and state 
transistors of cell SC(0,0), one approach toward achieving this requirement is to increase 
the threshold voltage of the NMOS state transistors. In the prior art, an increased 
threshold voltage is achieved by providing an additional implant into the channel region 
of a MOS transistor and, thus, such an approach may be implemented in cell SC(0,0). 
However, it is very likely that the NMOS state transistors will be on a chip having other 
NMOS transistors that shottld not have an increased threshold voltage. As a result, a dual 
or split threshold voltage process is required in the prior art, that is, certain NMOS 
transistors on the chip reqxiire a first mask and a first channel implant to achieve a first 
threshold voltage, while other NMOS transistors on the chip require a second mask and a 
second channel implant to achieve a second threshold voltage. The present inventors 
recognize that such an approach requires dual masking and implanting steps, and thereby 
increases the cost and complexity of the manufacturing process. At a time when market 
demands and competition are considerable, such added burdens are highly imdesirable. 
Accordingly, the preferred embodiments seek to reduce these burdens while achieving the 
relative current leakage requirements set forth in Equation 1 above. 

Figtire 2a illustrates a cross-sectional view of a portion of the preferred 
embodiment for memory configuration 20, where as further appreciated below Figure 2a 
illustrates three transistors formed in configuration 20. More particularly. Figure 2a as 
well as Figures 2b through 2c below iQustrate the fabrication of access transistor ATI and 
state transistor STl from cell SC(0,0), and they furttier illustrate an additional n-channel 
transistor NTl which is constructed elsewhere within configuration 20, such as in sense 
amplifier SAo. Generally, only three such transistors are shown to simplify the illustration 
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and discussion while also demonstrating the benefits of the preferred embodiment, where 
one skilled in the art should readily appreciate how the illustration as to these three 
transistors applies likewise to other transistors in other cells of configuration 20 as well as 
to other n-channel transistors formed outside of those cells. Further in this regard, note as 
the following discussion continues that both state trarisistor STl and transistor NTl are n- 
channel transistors, but for the reasons discussed above it is preferred that state transistor 
STl has a higher threshold voltage (and lower cxirrent leakage) than transistor NTl. 

Looking in detail to Figure 2a, aU three transistors are formed in relation to a 
p-type substrate 22 which, due to its conductivity type, is labeled generally with a P 
designation. Generally, isolation regions 23 are formed at the stirface of substrate 22, and 
which may be field oxide or shallow trench isolation regions by ways of example. In any 
case, transistors ATI, STl, and NTl are each formed between a pair of isolation regions 23. 
An n-tjrpe well 24 is formed in p-type substrate 22, and due to its conductivity t3^e well 
24 is labeled generally with an N designation. N-type well 24 is preferably formed by 
masking the upper surface of substrate 22 and then implanting an appropriate n-type 
dopant, such as phosphorous or arsenic, into that upper surface. In addition, a subsequent 
diffusion step may be performed after the implant, such as by way of a heating 
(e.g., anneahng) process. Finally, a gate dielectric 26 is formed over substrate 22 

Figure 2b illustrates the cross-sectional view of configuration 20 from Figure 2a 
after additional processing steps. Specifically, in Figure 2b, a gate conductor layer 28 is 
formed over gate dielectric 26 and isolation regions 23. In the preferred embodiment, gate 
conductor layer 28 is formed from polysilicon. Preferably, the polysiUcon used for 
conductor layer 28 may be formed in situ with a p-type doping and, indeed, it may be a 
relatively large p-type concentration; in an alternative embodiment, however, the 
polysiUcon used for conductor layer 28 may be formed with a different or no doping. 

After gate conductor layer 28 is formed, a photoresist layer 30 is formed over gate 
conductor layer 28, and photoresist layer 30 is then patterned and etched so that selected 
areas of gate conductor layer 28 are exposed. In the preferred embodiment, and for 



12 



TI-31157 



PATENT 



reasons further appreciated below, photoresist layer 30 is removed in the area in which 
lower threshold voltage n-channel transistors are formed (e.g., NTl). However, 
photoresist layer 30 is left intact in two other areas: (l)fhe areas where p-channel 
transistors are formed (e.g., access transistor ATI); and (2) the areas where higher 
threshold voltage NMOS transistors are formed (e.g., state transistor STl). 

After photoresist layer 30 is pattemed and etched, an n-type ion implant is 
performed such that the exposed area of gate conductor layer 28 receives n-type doping. 
In the example of Figure 2b, therefore, gate conductor layer 28 in the area of transistor NTl 
receives the n-tjrpe doping. As a result, in the preferred embodiment where gate 
conductor layer 28 is formed in situ as a p-type semiconductor layer, then the n-type 
dopants coxmterdope the exposed areas. For the sake of illustration, the single doped area 
in layer 28 is shaded in Figure 2b. In contrast, the areas of gate conductor layer 28 relating 
to p-channel transistors and high threshold voltage transistors (e.g., ATI, STl, 
respectively) do not receive the n-type doping in their respective gate areas and, thus, 
these areas are not shaded in Figure 2b. 

From the preceding, an additional observation is noteworthy with respect to the 
implant step illustrated in Figure 2b. Specifically, it is known in the MOS art to perform a 
blanket doping step of the gate conductor for all like conductivity type transistors, such as 
an n-type doping step for aU n-channel transistors. For example, such an approach is 
often taken to reduce the resistance of the gates of those transistors to improve the gate 
inversion capacitance of those transistors, thereby increasing the operational speed of 
those same transistors. Thus, such a step is typically already included in the process flow 
for constructing a memory configuration such as configuration 20. However, the present 
inventors have determined that the increased device speed may not be critical or even 
necessary in certain circuit applications, and indeed in the preferred embodiment one of 
these very areas is that of the n-channel state transistors. Specifically, the overall 
operational speed of configuration 20 may be limited by other circuit elements, such as by 
its sense amplifiers SAo through S Am. As another consideration, often 4T cells are used in 
memory configurations that operate at relatively lower speeds and, thus, there may be a 
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reduced need for the additional speed, if any, which would be achieved by doping the 
gates of the n-channel state transistors. In any event. Figure 2b illustrates that in the 
preferred embodiment there is only selective gate doping of certain n-channel transistors 
(e,g., NTl), and indeed those transistors are preferably the ones where speed is of a greater 
concern; hence, it is for this reason that it is stated above that transistor NTl as an example 
may be considered to be part of one of sense amplifiers SAo through SAm- 

Figure 2c illustrates a cross-sectional view of configuration 20 from Figure 2b after 
additional processing steps. Specifically, in Figure 2c, photoresist 30 from Figure 2b has 
been removed, and a new pattern has been used to form the gate conductors 28i, 282, and 
283 for access transistor ATI, state transistor STl, and n-channel transistor NTl, 
respectively. From the preceding discussion as well as the shading in Figure 2c, one 
skilled in the art wiU appreciate that gates conductors 28i and 282 have the doping of gate 
conductor layer 28 when it was formed (e.g., p-type in situ), while, gate conductor 283 is 
doped with n-type dopants implanted in a step illustrated in Figure 2b. 

Also in Figure 2c, sidewaU insulators 32 are formed at each gate sidewaU, such as 
by forming an oxide layer and etching it appropriately. Next, a photoresist layer 34 is 
formed and patterned and etched so as to protect the components of the p-channel access 
transistor ATI, thereby leaving the n-channel transistors STl and NTl exposed. Finally, 
an n-type dopant implant is performed, thereby forming n-type source/ drain regions 34i 
and 342 for state transistor STl and n-type source/ drain regions 36i and 362 for n-channel 
transistor NTl. Note further that the n-type dopant implant use to form these n-type 
source/ drain regions also will further implant dopants into gate conductors 282 and 283, 
unless these gate conductors are masked from those implants. Even in the instance that 
no masking occurs and thus gate conductors 282 and 283 receive these implants, the result 
following Figure 2c will still cause transistor NTl to have a greater dopant concentration 
in its gate as compared to that of transistor STl due to the previous masking and doping 
steps illustrated in connection with Figure 2b. 
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While not shown in Figure 2c or otherwise, one skilled in the art will appreciate at 
least two other aspects. First, various additional layers and connections may be made 
relative to the devices therein. For example, following the illustration of Figure 2c, the n- 
channel transistors are masked and a p-type implant is made with respect to access 
transistor ATI to form its source/ drain regions. As another example, additional metal 
layers may be formed so as to provide appropriate electrical connects, such as to connect 
the drain of state transistor STl to a source/ drain of access transistor ATI, thereby 
providing node Nl as shown in Figure lb. Second, substrate 22 will support numerous 
other devices including the other cells and devices of memory configuration 20, and 
possibly still others. In any event, any such other devices may include the formation of 
regions using comparable doping implants steps and masks as used for transistors ATI, 
STl,andNTl 

Having described the preferred embodiment, one skilled in the art will appreciate 
that following the steps illustrated in Figure 2c, a memory configuration wiU be provided 
having n<hannel transistors with differing threshold voltages. In the preferred 
embodiment, the difference in threshold voltage is achieved by creating n-channel 
transistors having a different level of dopants in their respective gate conductors. Further 
in the preferred embodiment, this structure is achieved at no additional cost versus a 
previous high frequency device because such a device commonly used a mask and 
implant step to implant n-type dopants into the gates of all of the n-chaimel devices of the 
circuit, whereas the preferred embodiment modifies the mask to also prevent such 
dopants from reaching selected n-channel transistor gates. After the n-type dopants are 
applied to this selective mask, the resulting structure includes a first set of n-channel 
transistors having a greater level of n-type dopants in their gates as opposed to a second 
set of n-channel transistors having a different level of n-type dopants in their gates. In the 
example set forth above, the first set includes n-channel transistor NTl, while the second 
set includes n-channel state transistor STl (and preferably all other state transistors in all 
other cells of the memory configuration). As a result of limiting the amotmt of n-type 
dopants in the gate of the transistors of the second set, when a gate voltage is applied to 
the gate of a transistor in that set, there is a relatively greater amount of depletion in the 
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gate as compared to the gates in the first set of transistors (with the larger doping). This 
larger depletion therefore increases the threshold voltage of the lesser-doped second set of 
n-channel transistors as compared to the threshold voltage of the higher-doped first set of 
n-channel transistors. In the context of memory configuration 20, the greater threshold 
voltage transistors are implemented as state transistors, thereby improving the compliance 
with Equation 1 and, hence, improving each cell's ability to properly maintain a stored 
voltage state. 

From the above, it may be appreciated that the preferred embodiments provide a 
method for forming and a resulting structure with like conductivity type transistors with 
different threshold voltages, where the difference is achieved by providing a different 
level of doping in the gate conductors of the different transistors. Ftirther, the varying 
dopant levels are preferably achieved by selectively masking one set of those transistors 
from a gate implant step which thereby dopes the gates of other like-conductivity type 
transistors that are not masked during that step. Still further, the preferred embodiments 
are particularly beneficial in the context of a 4T SRAM memory, whereby the higher 
threshold voltage transistors may be used as state transistors in the cells of the SRAM 
memory, thereby decreasing the current leakage of those transistors so as to improve the 
reliability of the state maintenance of those cells while achieving other benefits that are 
associated with a 4T cell (e.g., size and cost reduction). Moreover, while the present 
embodiments have been described in detail, various substitutions, modifications or 
alterations could be made to the descriptions set forth above without departing from the 
inventive scope. For example, while the preferred embodiment has been shown 
implemented in a 4T cell, one skilled in the art may find other circuits in which a variance 
in threshold voltage may be desired for like conductivity t5^e transistors and where the 
present teachings may otherwise provide one or more benefits. As another example, 
while the preferred embodiment has been illustrated in the context of varying threshold 
voltages as between different n-type transistors, the general method flow may be applied 
to p-type transistors by one skilled in the art. Finally, one skilled in the art may ascertain 
other examples. Thus, the preceding teachings as well as these examples further illustrate 
the inventive scope, which is defined by the following claims. 
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